Predicting the effect of non-resonant magnetic field perturbations on the rotation of a toroidal plasma is a challenging question of plasma science, with important practical implications. Although the braking effect of static magnetic field asymmetries is well known, neoclassical theory [1] implies that in some circumstances they can lead instead to an increase in rotation frequency. This counter-intuitive prediction was recently confirmed in
Predicting the effect of non-resonant magnetic field perturbations on the rotation of a toroidal plasma is a challenging question of plasma science, with important practical implications. Although the braking effect of static magnetic field asymmetries is well known, neoclassical theory [1] implies that in some circumstances they can lead instead to an increase in rotation frequency. This counter-intuitive prediction was recently confirmed in DIII-D experiments [2] .
In one of these experiments, n = 3 fields that are almost completely non-resonant with respect to the magnetic field lines in the plasma were applied to a set of high N , high confinement (H-mode) plasmas with very similar cross-section shape, safety factor q, density and temperature, but different toroidal rotation. The ELMs and the H-mode pedestal are nearly unaffected by the applied n = 3 nonresonant magnetic field (NRMF). Temperature, density, and the injected torque reach nearly stationary values before the n = 3 field application.
The density and injected torque are kept constant across the time of field application.
A broad range of shot-to-shot variation in the torque from neutral beam injection, The magnitude and radial dependence of the offset rotation observed in DIII-D has also been compared to the theoretical scaling for the and 1 collisionality regimes. The experimentally determined radial profile of the offset rotation, V *,exp ( ), can be approximated by the actual plasma rotation for discharge 131408 (intermediate counterrotation in Fig. 1 ), for which at any minor radius the n = 3 braking produces no distinct angular momentum change. The theoretically predicted offset rotation rate is
with k c depending on the collisionality regime [3] . The relationship of V *,exp ( ) to neoclassical theory can be revealed by the radial profile of phenomenon of increasing counter-rotation observed near the plasma edge with increasing toroidal field ripple in the JET tokamak [6] . An important consequence is that the large NRMF torque from high-n fields for edge localized mode (ELM) suppression [7] in a fusion reactor may not represent a problem, but instead supply the dominant rotation torque, since other torque sources are expected to be weak.
In ITER, the NRMF torque from turning on the ELM suppression fields could bring the plasma toroidal rotation close to the counter-I p offset rotation, even with co-I p NBI. The expected profiles of the NBI-driven and neoclassical offset rotation are shown in Fig. 11 of Ref. [4] . The offset rotation is about equal in magnitude to the NBI-driven rotation, but it is in the opposite direction.
Toroidal rotation is known to provide several benefits in present tokamak experiments, including flow shear stabilization of turbulence, screening of error fields, and stabilization of resistive wall modes. It is perhaps less known that toroidal rotation in the counter-I p direction could yield several additional benefits, including: improved E B shear suppression of turbulence, due to the pressure gradient and rotation terms of the shearing rate adding to each other in counter-rotation while they oppose each other in co-rotation, and lower power threshold for L-to H-mode transition [8] . In addition, recent DIII-D experiments suggest that the counter-rotation driven solely by a NRMF could satisfy the requirement of minimum velocity shear near the plasma edge for access to QH-mode, a quiescent, i.e. ELM-free, type of H-mode [9] .
